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Specific Detection of Monocytic Lysozyme Within Normal and Leukemic Cells
By Christophe Leculier, Nicole Couprie, Alain Francina, Eric Archimbaud, Patrice Adeleine, Danielle Treille, Gerard Denoyel, and Denis Fiere A murine monoclonal antibody against human lysozyme (AHL MoAb) was produced and tested on normal and leukemic monocytes using flow cytometry. The antibody gave a positive reactivity on normal monocytes permeabilized by saponin (82% to 98% of positive cells) and a negative reactivity on normal permeabilized neutrophils. This monocyte-specific reactivity had not been observed using a polyclonal antibody. Nevertheless, immunoblotting detected lysozyme in both monocyte and polymorphonuclear leukocyte (PMNL) lysates. The AHL MoAb, in the presence of lysozyme substrate (Micrococcus lysodeikticus cell walls), strongly YSOZYME or "amidase (EC 3.2.1.17) is an enzyme L catalyzing the hydrolysis of the peptidoglycan layer of bacterial cell walls. It is synthetized by neutrophils and monocytes-macrophages. Lysozyme has been detected within normal and leukemic human leukocytes using exclusively polyclonal antibodies (PoAbs) and fixed cells.' Lysozyme has been detected in normal mature neutrophils and monocytes, and not in normal mature lymph0cytes.2~~ Similarly, lysozyme has been detected in leukemic myeloblasts,'-6 although there are discordant Many investigators agree on the presence of intracellular lysozyme in leukemic monobla~t~,.'~'"~'~ although some investigators do not agree.' Lysozyme was never found in leukemic lymphoblast^.^^^ On the other hand, many monoclonal antibodies (MoAbs) directed against hen white-egg lysozyme and cross-reacting with human lysozyme have been used in immunochemical studies of lyso~yme.'~''~ Such reagents have never been applied to the detection of lysozyme within myeloid and monocytic cells.
In the present report, we have specifically characterized intracellular lysozyme of normal and leukemic monocytes using an antihuman lysozyme MoAb (AHL MoAb) produced in our laboratory and flow cytometry.
MATERIALS AND METHODS

Cellular Material
Normal cells. Mononuclear cells were isolated by density gradient centrifugation from blood samples of 12 normal subjects. The cellular population was enriched in monocytes by adherence on Petri plastic dishes during 1 hour at 37"C, followed by washings and 60 minutes of incubation with 0.1 mol/L Na, EDTA at 4OC.' ' Adherent cells were removed using a rubber policeman. In the same operation, nonadherent mononuclear cells were also harvested and referred to as lymphocytes in the following. Polymorphonuclear leukocytes (PMNL) were obtained after a two-step isolation procedure: a dextran sedimentation followed by a density gradient centrifugation allowing us to obtain a 99% pure PMNL population after hypotonic lysis of the remaining red blood cells. Blood samples were obtained from 39 patients with acute myeloid leukemia (AML) and five patients with acute lymphoid leukemia (ALL). Leukemic cells were isolated by density gradient centrifugation. Blasts represented greater than 80% of the mononuclear cells. Diagnosis of AML was based on standard morphological and cytochemical criteria of the French-AmericanBritish (FAB) ~lassification.'"~'~ Cells were submitted to immunologic detection of lysozyme with our AHL MoAb either directly or after cryopreservation in RPMI medium containing 10% dimethyl sulfoxide and 20% fetal calf serum (FCS).*" Leukemic cells.
From
MoAbs
The AHL MoAb was produced by immunizing Balblc mice with lysozyme purified from urine of a patient with monoblastic (FAB M5) leukemia by ion exchange chromatography.*' The fusion with SP20 myeloma cells was performed according to standard procedures.** The resulting hybrids were analyzed for the production of antibodies reactive against human and avian lysozyme using an immunoenzymatic assayz3 and immunoblotting after polyacrylamide gel electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAGE). 24 The hybrids producing an MoAb and showing a highly restrictive pattern of reactivity with human lyzozyme were repeatedly subcloned by limiting dilution and injected intraperitoneally into Balblc mice primed with Pristan (Aldrich, Strasbourg, France). The hybridoma isotype was determined by an Ouchterlony precipitation technique. Free samples of the AHL MoAb are available upon request to the corresponding author. MY4 (anti-CD14) MoAb (Coulter, Margency, France) was used to identify monocytes among the monocyte-enriched mononuclear cells. An irrelevant antibody MSIgGl (Coulter), belonging to the same Ig subclass as the tested MoAbs, was used as control in the immunophenotyping assay.
Polyclonal Antibody purchased from Dakopatts (Copenhagen, Denmark).
A rabbit antiserum to human lysozyme (AHL PoAb) was 
Cell Membrane Permeabilization
Cell membrane permeabilization was necessary to allow the AHL MoAb to react with its cytoplasmic antigen. The technique, using 1% saponin in 2% FCS Hanks' Balanced Salt Solution (HBSS), has been described previously for multiparametric analysis in flow cytometry." Cell membrane permeabilization was proven by an indirect immunofluorescence reaction using an MoAb directed against intracellular actin (Amersham, Les Ulis, France). Nonpermeabilized cells were not reactive with such an antibody.
Immunofluorescence Staining
Cell suspensions (1 to 2 x lo6 cells/mL) were incubated with the primary antibody diluted in 2% FCS HBSS with or without 1% saponin for 30 minutes at 4°C. After two washings with 2% FCS HBSS with or without 1% saponin, the MoAb binding was detected by fluorescein isothiocyanate (F1TC)-labeled goat antimouse F(ab')2 fragments (Silenus, Hawthorn, Australia) diluted in 2% FCS HBSS with or without 1% saponin. The AHL PoAb fixation on lysozyme was shown by goat antirabbit IgG F (ab'), labeled by fluorescein (Immunotech, Marseille, France) diluted in 2% FCS HBSS with or without 1% saponin. After two washings, cell suspensions were immediately analyzed by flow cytometry using a FACScan analyzer (Becton Dickinson, Grenoble, France). The threshold for distinguishing between positive and negative AHL MoAb-stained cells was set at the end of the histogram of the control sample, labeled with the irrelevant antibody, so that less than 3% of these control cells were found positive. A sample was considered positive if 20% or more of the studied cell population bound the respective MoAb.
Immunoblotting
The reactivity of AHL antibodies with their antigen was also tested on normal monocytes and PMNL lysates. In brief, cells obtained as described above were solubilized and sonicated in 0.1 mol/L Tris-HCI, pH 7.40 in the presence of 2 mmol/L Na,EDTA, 2 mmol/L phenylmethylsulfonyl fluoride and 1% Triton X-100 at 10' cells/mL. Components of cellular lysates and purified human lysozyme were allowed to separate in a gradient of 10% to 20% polyacrylamide gel (SDS-PAGE) as previously described by LaemmL2' After tran~blotting,'~ nitrocellulose (Biorad, Paris, France) strips with separated proteins were incubated in the presence of either the AHL PoAb or the AHL MoAb. After washings, detection used a second antibody coupled to horseradish peroxidase.
Inhibition of Lysozyme Enzymatic Activity
The concentration of human lysozyme was chosen at 15 mg/L in phosphate-buffered saline (PBS) and AHL MoAb concentration adjusted to obtain an antibody/antigen molar ratio of about 1.0. The antigen-antibody mixture was allowed to react for 90 minutes at 37°C. Enzymatic activity was tested on a suspension of Micrococcus lysodeikticus cell walls (Behringwerke, Marburg, Germany). Absorbance levels at 546 nm were recorded during 3 minutes and compared with those obtained without adding the antibody.
Statistical Analysis
The significance of differences observed between the distributions of positivity from the different AML subtypes was tested by variance analysis and Scheffe procedure of multiple range test. This analysis was performed using logit values of percentages of positivity (p): [logit p = log,,j(p/(lOO -p)]. Statistical treatment of data was performed using SPSS statistical software (Statistical Program for Social Sciences, Chicago, IL).
RESULTS
Reactivity of the AHL MoAb With Normal Cells
We verified that cells were correctly permeabilized using the anti-actin MoAb. The reactivity of the AHL MoAb with normal peripheral blood cells is shown in Table 1 . The optimal concentration of the AHL MoAb, belonging to the IgGl subclass, was determined using normal permeabilized monocytes of a monocyte-enriched mononuclear cell population, isolated in a morphologic gate adjusted on a cell sample stained by the MY4 MoAb. Thus, 82% to 98% of the permeabilized monocytes were found positive with the AHL MoAb (Fig 1) and nonpermeabilized monocytes gave a negative result. In the same experimental conditions, permeabilized and nonpermeabilized normal lymphocytes, identified as negative in a staining using the MY4 MoAb, showed no reactivity with the AHL MoAb. Neither permeabilized nor nonpermeabilized isolated PMNL were stained by the AHL MoAb (Fig 2) .
Reactivity of the AHL MoAb With Leukemic Blasts
The AHL MoAb was nonreactive on control leukemic lymphoblasts. Reactivity of the AHL MoAb with the blasts of myeloid FAB subclasses 1 to 5 is presented in Fig 3 . FAB M6 and M7 were not represented in our series. Mean labeling of FAB M5 cells was significantly higher than that of other subtypes (P < .OOl). The differences between the FAE3 M1, M2, M3, and M4 subtypes are not significant.
Immunoblotting Results
PMNL and monocyte lysates were found positive using either AHL MoAb or AHL PoAb. Purified lysozyme was also detected by transblotting using the two antibodies (Fig  4) .
Effect of the AHL MoAb on Lysozyme Enzymatic Activity
The percentage of inhibition was estimated from the comparison of lysozyme activities (decrease in absorbance at 546 nm per unit of time) in the presence and in the absence of the AHL MoAb. The inhibition of lysis of A4 lysodeikticus was found at 75% for an antibody-antigen molar ratio about 1.0.
DISCUSSION
Lysozyme has been accurately located within human monocytes, macrophages, and neutrophils using ultrastructural method~.''.'~ In blood monocytes, lysozyme is present in cytoplasmic granules that can presumably correspond to primary (peroxydase-positive) granules, whereas other organelles are negative. During the differentiation of mono- cytes into macrophages, under in vitro culture conditions, larger granules containing lysozyme appear by degranulation into phago~omes.~~ The presence of lysozyme has been shown in the two types of PMNL granules using immunologic and biochemical methods." No difference between monocytes and neutrophils was found using a polyclonal rabbit a n t i s e r~m .~~.~~ Monocytes are thought to secrete lysozyme, while neutrophils do not and only release internal lysozyme after cell lysis.27"' In monocytic leukemia, a strong correlation has been reported between the amount of intracellular lysozyme and the lysozyme level in serum and urine of the ~a t i e n t .~ Using our AHL MoAb we found a strong reactivity in monocytes, while neutrophils were not recognized. This finding suggests that the epitope recognized by our AHL MoAb is masked or not accessible in neutrophils. The masking of the epitope could be caused by the interaction between lysozyme (a highly cationic protein) and anionic molecules (eg, glycosaminoglycans or proteins). However, it cannot be excluded that the lysozyme could be stored in an inactive enzymatic form inside PMNL granules. 
